We investigated the immunochemical and molecular characteristics of murine monoclonal rheumatoid factors. Study of the fine specificity of 20 monoclonal rheumatoid factor antibodies shows a wide degree of heterogeneity. However, many express an interstrain cross-reactive idiotype. We show that our rheumatoid factors utilize a restricted set of the heavy-chain variable region (VH) repertoire representing the more 3' VH families. Preferential expression of 3' VH families is known to occur early in development. We report the nucleotide sequence of two cloned rheumatoid factor VH genes, Y19-10 (VH J558) and 129-48 (VH 7183) in which no major differences are observed between VH genes encoding the heavy chain of autoantibodies and antibodies against foreign antigens.
differences are observed between VH genes encoding the heavy chain of autoantibodies and antibodies against foreign antigens.
Antibodies directed against determinants of self IgG were first observed in the sera ofpatients with rheumatoid arthritis (1) . Such antibodies, termed rheumatoid factors (RFs), can bind with a low affinity to the antigenic determinants expressed on the Fc fragment of autologous IgG (2) . Later, RFs were found to be associated with various autoimmune diseases including systemic lupus erythematosus (3) . The nature and origin of the RF response are still poorly understood. We have used murine RF monoclonal antibodies as models to study the immunochemical and molecular properties of autoantibodies. In this report, we present the following results. (i) Our monoclonal RFs, either spontaneous in nature or produced by induction, were predominantly of the ,u isotype and are multispecific. (ii) They express a high degree ofidiotype (Id) cross-reactivity, yet use different heavy-chain variable region (VH) gene segments. (iii) Regardless of their mouse strain origin, RFs use genes from a restricted number of VH gene families, namely J558, QPC52, and 7183. Sequence analysis revealed that the RF VH genes are closely related to germ-line genes that are used to encode antibodies to exogenous antigens. (iv) Id cross-reactivity may be due to a common tetrapeptide in framework 2 of the VH region.
MATERIALS AND METHODS Animals. Six-month-old 129/Sv, 5-month-old MRL/lpr, and 3-month-old BALB/c mice, obtained from The Jackson Laboratory, were utilized in the preparation of hybridomas. Young adult female New Zealand White rabbits obtained from The Jackson Laboratory were used to prepare anti-Id antisera.
Induction of RFs. BALB/c splenic lymphocytes cultured in RPMI supplemented with 20% (vol/vol) The fine specificity ofthe RF was also measured in a RIA (see Table 1 ).
Preparation of Anti-Id Antisera. Female New Zealand
White rabbits were immunized subcutaneously with 400 ,ug of monoclonal RF (129-48, Y19-10, or LPS10-1) in complete Freund's adjuvant and boosted monthly under the same conditions. Anti-Id antibodies were purified on a Sepharose 4B column that had been conjugated to the corresponding RF. They were made specific by extensive absorption on a Sepharose 4B column that had been linked to a pool of various monoclonal antibodies of the Au and K isotype that were devoid of RF activity. Idiotypy. The study of idiotypy was carried out by a sensitive sandwich RIA as described (5) .
Identification of VH Gene Families Used by RF. RNA from cytoplasmic lysates prepared from 107 cells was fixed to nitrocellulose using a slot-blotting apparatus (6, 7) . The filters were treated as described (8) .
Preparation of Heavy-Chain Variable and Joining Region Specific Fragments. The heavy-chain joining region (JH) and VH specific probes representative of the various families were prepared as described (9, 10) . DNA Preparation. DNA was prepared from the tumor cell line SP2/0, cultured RF lines, and germ-line tissue (liver) as described (11, 12) .
Analysis of Heavy Chain Gene Organization in Cellular DNA. Heavy chain gene rearrangement was analyzed using the standard Southern method (13) . Filters were treated as described by Alt et al. (8) .
Cloning and Sequence Analysis. Complete EcoRI digests of genomic DNA from two RF lines were inserted into the Abbreviations: RF, rheumatoid factor; Id, idiotype; IdX, crossreactive idiotype; VH, heavy-chain variable region; JH, heavy-chain joining region; kb, kilobase(s).
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EcoRI site of Charon 16A (14) , and individual libraries were screened for phages containing inserts that hybridized to the JH probe as described by Alt et al. (8) . JH-positive phages were purified and subsequently subcloned into pUC9. Appropriate restriction fragments were prepared and sequence analysis was performed by the method of Maxam and Gilbert (15 To study the precise structural nature of the VH genes encoding RFs, we have cloned the expressed VH alleles from two hybridomas producing monoclonal RFs: 129-48 (VH 7183 family) and Y19-10 (VH J558 family). Southern blotting analysis of EcoRI-digested genomic DNA indicated JHpositive rearrangements of 2.0 kilobases (kb) and 3.5 kb from 129-48 and 3.8 kb and 6.6 kb from Y19-10. The rearranged fragments of 3.5 kb from 129-48 and 3.8 kb from Y19-10 were shown to be productive (data not shown). These fragments were inserted into the EcoRI site of X phage Charon 16A (14) , subcloned, and restriction mapped (Fig. 2) ; and the nucleotide sequences of the relevant regions were determined. genes in the VH 7183 family showed that VH 129-48 is very similar to the 37.1 germ-line gene (17) (19 base pair differences) and less homologous to VH 81X (which is the most diverse member of the 7183 family) (Fig. 3) . Similarly, comparison of the sequence of the expressed gene VH Y19-10 to various J558 germ-line genes of either BALB/c (VH 33) origin or C57BL/6 (VH 23 and VH 186-2) origin (Fig. 4) indicated that VH Y19-10 is closely related to germ-line genes in the J558 family. It should be noted that very few changes in the entire gene were observed from either VH 129-48 or VH Y19-10 as compared to the most closely related germ-line VH genes for which nucleotide sequence exists. However, if one compares the protein sequences ofVH 129-48 and VH Y19-10, it is apparent that they share a tetrapeptide in framework 2. This common stretch of amino acids may contribute to the IdX one observes among these RFs.
DISCUSSION
In an attempt to define more precisely the origin and molecular nature of autoantibodies, we studied the idiotype and VH genes encoding RFs produced by hybridomas from several mouse strains. The study of the fine specificity of the monoclonal RFs indicates a wide degree of heterogeneity among these antibodies. However, despite this apparent combining site (paratope) heterogeneity and different strain origin, these RFs share interstrain cross-reactive idiotypes. The expression ofIdXs in our system was independent of H-2 and the heavy-chain constant region gene complexes and was not found on a variety of antibodies with other specificities.
Our molecular data showed that the shared idiotype cross-reactivity does not result from a common utilization of VH segments as is observed in some systems (18) ; thus, 129-48 and Y19-10 that share IdX, use totally different VH, JH, and diversity gene segments. However, there is a shared tetrapeptide in framework 2 (residues 36-39) that may explain the IdX we observed. Chen et al. (19, 20) using a synthetic peptide showed that the structural correlate of a human RF idiotype corresponds to a few amino acid residues on the light chain. The possible contribution of the light chain to IdX expression in our RF could be elucidated via immunoblotting analysis, hybrid molecules, and the preparation of monoclonal anti-Id antibodies.
We have found a preferential utilization of a small panel of VH gene families among our murine RFs (J558, QPC52, and 7183). It appears that this restriction is not unique to anti-immunoglobulin antibodies because a study of 11 murine anti-DNA monoclonal antibodies from the MRL/lpr strain has also shown a similar family preference (K. Barrett, personal communication). Other preliminary results also indicate that autoantibodies of various specificities preferentially use these VH gene families as well (unpublished results).
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CTG CAG CAG CCT GGG ACT GM CTG GTG AAG CCT GGG GCT TCA GTG MG CTG TCC TGC MG GCT TCT GGC VH of autoantibodies and antibodies against foreign antigens are not obviously different. A similar conclusion was reached from the analysis of an anti-DNA antibody (21) . Comparison of the nucleotide sequence of 129-48 with the 7183 germ-line gene 37.1 revealed that the expressed VH gene is closely related to this gene and other members of this family. Similarly, VH Y19-10 is very closely related to germ-line genes in the J558 family. It is especially homologous to the 23, 33, and 186-2 germ-line genes that encode the Nitrophenyl response. In addition, complementarity determining region sequences are relatively conserved between Y19-10 and J558 germ-line genes and base-pair changes, when observed, usually can be found in other germ-line genes from this family. Thus, little somatic mutation is apparent. This result is consistent with the finding that these RFs are IgMs, and frequently, somatic mutation does not contribute to IgM diversity.
